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(57) [g?ft] 

b««$Jx5iaXii2«J£Jl±<7>7ciRRt, Ti, Z 
r . Hf, V, Nb % T a % Cr % Mo, W, CuCOp 

Zh, A Tx= Tx-Tg (fcfc'LTxtt, l&&i[fflt&m&s 




r, Hf , V, Nb, T a . Cr, Mo, W x Cu«9 
A TX=TX-Tg (fcfcLTxIi, ttfiffcBBteififlL 

*-e*s*is i><Dx-3bz>z t zftWik-rzm&m i una 

F e 100-x-y-2-w Rx My T z B w 

fit, TfiCo, N i e^?^ibili*£ix-5 

%T\ 2lf%^xgl5l^%, 2J^T-%^y^20 

3 OJB^-CfcSo 

F elOO-x-y-z-w-t RxMy Tz Bw Lt 

ffl.U TfiCo, N i <Di*>frhX1R&tlZ> Ifl^fcte 
2m<D7tmT'&>*) . jfi§.j*ltS:^i"x, y, z, w, t t* 
JH^-e, 2JS^%^ x £ 1 5J^T-%, 2ISWo£y£ 

w^3 0^1 OJS^/o^ t ^ 5K^%T*><9 , 7tm 
HZRxis R h , Pd, Os x I r , Pt. AU S 
i v Ge, Ga, Sn. C, P05W»bIR4tlSl 

£*LT, a-F etBt F e 3 B 1 £li"2 <b 
fc6JftfiJttB£, Nd2Fei4Bffi3l*b<C6ttJtirffiSr 

[0 0 0 1] 

[0 0 0 2] 



> 
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2 

^ hS^^T/U^^ (a 1 -N i -C o - F e 1ft) 

IB SrW-T SK^Wft i: LtliNd-F Q.-B*Bfcff*fc 

[0 0 0 3] L4i s 5> N d - F e - B S 
m-CoP^ Sm-Fe-N*15tt5^m 
10a t%W10Nd s if:l^8a t%WOSmM 

otLiH^pW^of; 0 Sm-Coll 
N d - F e - B*Ii i ») t>Sa<c85t*)5fc 

[0 0 0 4] ±iE(7?^^[cMl£:i-5^tf^— ffl 

«^tt»tLT, TW7 7 ^*^<OSffl*S*x.P>ttr 
v^-5 0 «3Ks 7^7r^^^fxfl 1 9 6 0W 
(Cjo^Tft^JtcSiig^iX/cF e-P-C^OTW7r^ 
1 9 7 O^ttlCfc^-CRjfiSfrfc (Fe.Co.N 

i)-P-B*. (Fe.Co.Ni) -Si-B^l 1 
30 9 8 0^f-ttC4oV>T^it^nfc (F e. C o, N i ) -M 

( Z r.Hf.Nb) ( F e , C o . N i ) -M 

(Zr.Hf.Nb) -B*443ft s j3l<bJxt^5, L^L 
4di b I*lb07 : E/U7 7 ^^&tt, ^-fJx^. 1 0 5 

k/s u^^ojftaiafi-cftftuTMjfii-s^Ksftsfc 

t ^ 5 BaH* s *> o fco r <o <fc 5 teBHH SrWfti" 5 46 

:ro#yK85li Nd2P-ei4BtBS*^&0?«» 
40 *«»«mi-6rt«CJ;*)f^»SHfc«tt«&^ FeaB 
-N d2 F ei4 Bi*(OSf*^^y ^^flll&«:=^A-^^7 

[0 0 0 5] 

(glassy alloy) fcT#— fflfl^#J|s|-£: 

-I- 




3 

jf:^coJ?<, ^</u^ £ ft 5 co t |g JL £ ivc^ 

So :^J: 5*a*^&JR^9^'&&i: LT(4, 198 
8^- 19 9 1 ^(dTWtT, Ln-Al - T M N Mg-L , 
n-TM, Zr-Al-TM (f:/:L, L n [4^±^JIx; 
TMI4S»£JR**M\ ) *«EO*arit<oto*$*ne> 

t a* s ^ jr fs 7 * <o m m & m h n -c v ^ 
[0006] r w-efraoajao-fr'&tcfcv^-c, 

<Offlkwi«ATx. BP*,, S££tt:KJ$&*aft (Tx) # 

^xmvmM (Tg) tosg, bp*>, (tx— Tg) <om 

oX^Jl^y 7s *«dtf 6 r £ <£>T*# 3<fr£<D#ttl4, 

14, SiaT»«ttSr^t&*^7^^a)«WS«t<e 
[0 0 0 7] *^tt±IE*««cifi^X>fcSixfc:fcW"C 

S Z i: £ S ft k-tZa 

[0 0 0 8] 

14, FeSr±«»tU #±SS5ciR^5*>^<b««*tt 
5 l«XI4 2«£l±0>7C*Ri:, Ti, Zr, Hf, 
V, Nb, Ta, Cr, Mo, W, C u <D 0 
Ztlh 1 «Xtt2««±tf>7C*M£ % B§r^3f, ATX 
= Tx-Tg (fefc'LTXIt fcStfMfcfPtt&t&S, Tgf4#7 
) W*"C*$nSi8ftai«*««^ 
i&ftWJBfUTx3&S2 0KWlt'fc5«M^7^^ 

[0 0 0 9] JiKOTKte&JRtf^-g^li, TlSco*i/& 
F e 100-x-y-z-w RxMy Tz Bv 

ffiU T(±Co, N i (Do *>a*b»R$ix5 1 «*fc!4 




(3) ^i? 11-71646 

2«<Z>5c*"e*>!9 , JBdtH;4:^i"x, y, z, wtt-JR-^ 
%T% 2B^x^l5»f%, 2J^T-%^y^2 0 

3 0JR^%t?*>5o 

[0 0 10] Sfc, ±IB««tt&JR^f7-X'&Att. TIE 
F e 100-x-y-z-w-t Rx My Tz Bi Lt 

ffl.U T(4Co, N i CO 9 *>A»P>51«'*Jh-S l*I3;fcl4 
2@C05t;i^T + ^> , 9 , aStfc^r^fx, y, z, w, t 14 
10 J^T-%T\ 2^°/o^x^l5e%, 2j^T-%^y^ 
2 0J&*%. Olf°/o^z^2 0iF/o, 1 OJBW^ 
w^3 0H^%, 0if%< t ^ 5jf^%T*<fe9 , te^ 
L (4 R u , R h , P d , O s , I r , Pt, A 1 , S 
i, Ge, Ga, Sn, C, P<D 5 *>**£>»W£*tS 1 
«X*4 2««±a>7C*-C*>£>. ±IER«ttA:«^ 
7*£*&*4, tfttoadSltSiX-C, a-F ef@£ F eaB 
1&<n lSSfc^a^fcfcSJBftMBi:, N d 2 F en 

[0 0 1 1 ] 

I«W^HftO»ffi] EAT, 0®S:#ffiLT*»W<O7 
tr— *0?*ftW^ffitcov^TttM-rSo Ell (4. 

flF*2 1 ^5^"^ t e — 2 2t4f^^— /utr 

m*b (3 — ^) N 2 3, 2 4t4±IE^— /UtT— ^. 2 1 t 
30 a — ^2 2co^r^co±Ttci- ; ?rn^iag^iX7t^ e— ^7 
fflfflWCfe??, 2 5 (4^ — ^t^^t(]^T*fe5o ±ia^tr 

«=¥^y^M«c(4 : ff^3-</u 3&siaB*ixT*5 

<9, * IbJ-rO^a-fyUtta — ^#tSft«2 5 (Cflltt 
51»«rfiL, ^mc^^nx^6='*= s ^^St3tg2 5 
[0 0 1 2] o#'(^ N ±|ES!iS$ttAJR^7^'fr4fe«E»f*: 

^tL, mi:#±a7c*© 3 *>^f>»R* 1 1 

Xt*2mU±.<D5vmR t. Ti, Zr, Hf, V, N 
b. Ta, Cr, Mo, W, Cu ^5 ^blR^fhS 
lSX(4 2m^±c07c^M^:, B&Bf«ft**IlL*:iS# 

50 Tx— Tg (fe^LTxtt, ttfA{bMMfflLS. Tg(4^^^ 
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(4) 

5 

EcDiBdc*(-*5t^rx C r *!^-f«tP»-frtt, ATx^ 
[0 0 1 3 ] **W{wfflV^btL5S£att4fe«*7^'&4 

F elOO-x-y-z-ttRiMyTzBe 

wWfijS^tCifcJ^T. TliCo, Ni«)5^6iRJ 
iX5 l«*fcf*2«0>7G*-C*>?K ^Ififelt^^-rx. 

y^2 0JH^%, 0JR^%£ z ^ 2 10^ 

% ^ w ^ 3 omi-%tez>&i**mti-i-zkt>m$- ^\ 

F elOO-x-y-z-u-t RxMy Tz Bn Lt 

y £ 2 0g : F-%<2<2 0f^%, 10 20 

&{*£MfcL, TC^LIiRu, Rh, Pd, Os, I 
r, Pt, A U Si. Ge, G a . Sn, C, P <D o 

F eioo-x-y-z-oRxMyTz Bi45aiSatfcl±lEF 
e ioo-x-y-2-.-t RxMy Tz Bw. Lt*-6iftfi!c^:tC*3V^-C, 
ttsRit^^i- x ttJS^-%T-. 2 ^ x < 1 2 

(OffiiTfcs $ <btc#f£ lv> 0 £<btc, *jgw-effl^ jo 

b3nZ>mm&&mtf7 JblBF e ioo-x- y -z.w 

RxMy Tz B»ft5jftl£5££fc«:JbEF e 100-x-y-z-«-t 
RxMyTzB»Lt^5IM^ioV^, *&fiJcJfc£r?M-y 
*iJ0K^%"C\ 2^%<y^l 5^%0®it'fc5^ 
t«L<, 2JR^%^y ^ 6H^%0«iHT**>5i: ■ 

#7 ±|EF etOO-x-y-z-nRxMyTzBp/^6 

jfirit**fcli±lEF eioo-x-y-i- B -t RxMy Tz B« Lt 
iftriEJt«:^i-2*41H^-%-C, 0. 
lB^^ z^2 01R J F-%O(6H"C*>6Ci:ds#* L 40 

< % 2^%< z ^ i of%?%<Dmmx£>z>t£ 

[0 0 15] **W"CfflU^nSW«ttAJR^f7 
±IBF e 100-x-y-z-oRxMy Tz BvtaZt&jgt. 
i££Acta±fEF e ioo-x-y-z- w -t RxMy Tz B* Lttt5 
3HjS^;(C*3V^r, 7G*MjflS (Cri-.M'a) "C*$Jx. 
M* tiT i, Zr, Hf, V x Nb, T a\ Mo . W v 
C u <Do *>d»&S«S*L6 1 «*fcl*2«gJlJba>7G*-C 
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6 

T^OSa^O. 5<D«l^*5ri:ASB*U\ 

*VT\ o-Fe*atFe3BiWll*fcli2l^b4 
Si&JIHfg^ Nd2Fei4Bfid»e>4SttSK*ads«r 

a-F ettfc£#fffflLfcy:7 h«t£ 
tat, Nd2FeuBft4 JfjftSflfttJ Lfc^— KBWtft** 

^tt-tZ> 0 ATx£*^£fc<7>*&JR#7*i: 
0 0-8 50^ &£L<f25 5 0 — 7 SOttJllW 

fcSttT^sr tas, 

[0 0 16] rjftjgKRR^SSj *ISW(^V^tLSfiSHK 
^\ Cote. fiUtt«ra5 7C*-C*>9, . 

F e *:#<*tf*»*«c:*5V^"CC o£*r*&jgjEfc1fii 
t5^tt, ATx©l«r**<t5aifti s fc5o ffcco 

i:ATx<^liSr*:*<t5li:*stt, £/c s *^y — 

ATx^filllt-^^/c^tcti. TcSfTOiHfiRIt*: /Wz 
Offl«rO£ z £ 2-"0^«lffl. 2 0 K^_b(D A Tx£SHH 
tc»5fc«>^tt, T<7>m^Jt:$r^-r z offlS: 2 JH^% 

(CIS. 1ST. C o^— tt*fcf*±tt*TN i tlfelt 

[0 0 17] R(i, #r±S^J^ (Y, La, Ce, P 
r, Nd, Gd, Tb. Dy, H o , «&t ) 

i«xtt2a^±c7>5c*-c*>So ^Hbo>fb 

*»-e*SR2 F e Bffili— tta«l**tt«r^i:$ii:, 
«1K* (iHc) S:**:*H3:5fc**cWatt5c«-e*>9, 
2IRT-%£JL±. 1 5JH^%aT^ttH"C*>5i:Av^ 3E 
IC, F eO$#«*r«?>*i*iCi»iv^bdS(ftT6 J: 5 (c 
LT, (iHc) i<0«*fttt^7>^S:«»i-6 

<t <9&£L<l*2J[£T-%^±. 1 2Hf 
T, ^<b(C« 1 ^L<(i. 2m*%Sk±* 8^%aTcD 

[0018] MliT i. Zr, Hf s V, N b , T a . 
Cr, Mo, W, C u<7>9 ^^^il^^n^ 1^^(12 




7 

«SBrcfcS*ftv\> Mid, MB j^tt I- 
ii, *0»*L<li2IS*%£JLb. 1 5^%^T, $ 

V\> :tlb%iMCO^, 4*(CC r*S5ffSb-e*>S. Cr 
M\ J e^-— $15^T i, Zr, Hf, V, Nb.Ta.M 

o5c* £B*+s taa^ B«w-*»&c9«/a; 

Jfcatt, 0 £ a £ 1 0>ttlHT*>5fc, »iV*ATx£:»5 
C £ AST* Sds. 4*fci«^ A TxSr«*(c»Sfc*!>tctt 

[0 0 19] B(i, K^#ftK£fifcffij&S*>!!K *J6^T 
li 1 0»^%tt±. 3 0 W-T-%JEJLT<^«SH"CaSJ!lD-*-So 

*>fc«>(c»£L<fc<* 3 0 JE^^P% J: 9. tt&b 

[0 0 2 0] ±taojaj5R»(cEtc, Lt^^ix5, R 
u. Rh N Pd, Os, I r , Pt s AU Si, G 
e, Ga, Sn, C, P <D 0 *>^b»*lStt5 1 fSXtt 

[0021] ±iaftj«waiatt&jR^7^-&A« 

«b * 6 * # fflflfcff oKiSM (do v >r tftp^^- 

ib * * * tr— # jsflMj &*Bgi- \z.&m\z-m ^ <b n 

4 1 C7)i^(c*f A£*i6±^>-^4 2*5<tU 5 T^ 

v^4 2£TiiVi}?JEU ^^«a«r*-rtfl*^«« 
t^6^>fHl4 5i:, ±T(^y<>^4 2, 4 3 1C& 
*ttfc»*JS»4 6 <7>?aaSr»J«i-5lR1B:*t4 7 

[0022] m 4 ic, _hK»«:/7 x^*«sa£B<o±f*: 

«ifi*:*H\ (§4i:^f/7X-7i^fAlt ft 

f^sps- 2 0 5 0 tw 
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±gfl&& 5 1 t TUmm 5 2 £W U -LgflOgaS; 5 1 (C 

^nrv>-6 0 ft*5, 0 2 £la4T^*ii««fiJ&^§1l&$i^ 
■rl*sa^ ±Wyf4 2, 4 3*iJ;(;^yf«fi4 
70 4, 4 5tc»«U^Kttfcii«IS«d s *iR$ixrv^-cc^ 
iI«S£«a*<bH 3 5> fc^/t^SSES:/*:^ 4 

2, 4 3*5j:U«/<yf«fi4 4, 4 5«r:frL"C»fit-C# 

[0 0 2 3} ±|B«fiR(D»«^7X^«EjBie«Srfflt>T 
# 7 * <b 6 7s tT - # ffi ^ £ 

fiJciM^4 6^tf6o w<OJR 

50 [0 0 2 4] JRiR-ft*4 6 SrfflSc Lfc* fetf r *l 

sria 2 *> 6 v 4 tc^i-^m^^ x-^**ssibo_lt 

(O/^yf 4 2, 4 3«I^AL, ^-y V/<5 3 0rt|fi5 
^^^^l^-r^^rir^tc, /^f4 2, 4 3-Ci^F^»^ 

*^</U^«aE«rJR»»5|c4 6 KSMDLTanjftU fiSc^-T 

«t <9 4 6 *rBfj£<7>i££-C3R^< #fa-T5 C ^ ^ 

X*^, ^./c. ii«««(Ott^j£CXJRi»*&*4 6 0?fift 

[0 0 2 5] **WI-*5^^-C, «*SJaStt;, JRfl.»»S: 
H<b*»i"5fc*5)(-3 0 0 < C«±ii-5r tdS^S-Cfc 

li, ArtttaftafBtfr^taftlHHSATji (Tx — Tg) & 
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[0 0 2 6] ^Cio^X, ««fcfT5R<a#*ai£8[ 
11, 1 0t/»tJl±i:t5^»4 L^o £fc, jftttw 

3S?£fiil, 5 0 0-8 5 0t, L< II 550 — 75 

O^/^Wi, #£L<fl2 0 , C/»~8 O^/^, «t 
t>#P£L<tl40 t/^-8 0t:/^^o 

[0027] r<7)<fc 5(cLr»fcttfc«Ki±AR^7^ 

«Oi&£JHIW A Tx dsa^-rj£ < , £Jfi-C«ixfc«18t£ 

5z.¥f&t>mbriZ><DX\ ^£OSm-Co^l^Nd 
-F e-B*«^<t "9®=^ hi:i-6wfc^-e#, 

[0 0 2 8] £7c, LTvt^HS, Ru, Rh, Pd, 
O s , I r , Pt, A 1 , Si, G e , G a , S n , 

[0 0 2 9] H5*i, *¥&W<D*¥—$<Dm-<DnMM 
l»4r^i-WrffiH-e*)6o H*ff-§r3 l, 3 2 tl*+frgEg 

3 4 flwix£><OjK— /Uf — * 3 1 , 3 2^l/^t°— 

3 — ^, 3 5tt = — ^StbS-CfeD, 3 6ttfittftv'— 
/uK#/<--C*>5 B JbfE* *ffl«^3 3 II, _fci*0> 
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£ixfct>0-C*>5> 0 -LKztf— /Ut?— 3 1 , 3 2, ^ 
3 3*1, /K/UK3 7, !7y^-38, tyh39l:J; 

&j&*£f*^ <b * S * tr— # /BBS^E 3 3 *. fcixfc r £ 

[0 0 3 0] 

Coir, Ndh CrXZrO**«4Rt«#o 

L, 6 0 c mH g (D7/U^y^^#iltl:*5^r 4 0 
00 r. p. m-dElteLri^SttP"- MZ./uytfT1&& 
0.35 — 0.4 5mm@<£>/ Xyu^P>4tUffi^ 0 . 5 0 

kg f /cm 2 r^#£tiur^^-5*ci-/i-&^^-r 

20 IOfn-/Hi, 1 5 0 OT'ftiilf £*Xfc 

T/ll, 0.3 0 mmT'£>o/c 0 
[0 0 3 1 ] 5 fed, »fejh,fc&JR#7**&»«K^ 

Sr»giJLT«oxa(cWS«&*t LT«fflUfco fa 2 g 

L, ^--v ><^OF^gfl£r 3xi0" 5 torr (O^ffl^C^T* 
30 lT^Vf4 2, 4 3T*Et6tttl^ iim^S 

*3»fl£«rt#^io ^/^^«»W2l3tc^i-J:5(wi 2^/t- 

— 4 8 0 0 AtOttflETlHJpHft^SrADfftUfco --t'^i 
*S*{*fi, «»*-6. 5 t/c m 2 COi£^l &t>>rtit#tm 

■»p>Hfc«!PKi, XiUlelWt^^Slftfta'IS (DS 
C) jc,t<?»«rL, SiBfB^Kf&tt (*-EM) t^Jiom 
40 «»K»a!ia*H- (VSM) i^Tl 5kOe, ^ 

[0 0 3 2] H6 11, F e 6 3 C o 7 N d i 0 - x Z r x B 
20 <x = 0, 2, 4, 6If%) *<5afiR^|»flfK»S: 
Ztl^tlftm&BLO. 6 7^^1 2 7-8 2 7^ 
BfflTJ!ra«4Lfct#ODSCftjBS:**?>fc3B*S:^i-fc 
Wt'fcio 0 6A»?>F e63C o7 Ndio B2p/cCSiffi^tO^ 

* ixttifl: 3 ©:Pg^ Jb rot^stwtn 

50 #jafiTgfi««S;h,>fe^*s. Zr^PL, K^Dfi^r 
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[0 0 3 3] i7|±, F e63Co7Ndio-xC rxB 
20 (x = 0, 2, 4, 6JE1^%) tt*Mfifc0>Sfitt#§*» 
£K£*rALfc« % -7y7/^$:ffl^T 5 8 5t (8 5 
8K) -7 5 0^ (1023 K) , 0 OtyX 

do^TIl, C r *s»Jp*ttfe*J6«a>«i|s|. (x = 2, 
4, 6) liC r tfi&titotLtlX^^^lt&miDWft (x = 

0) fcit-<T*:£<, i T tXJicoi^v MI $r7F-rr tasfc> 

7t, CriSas*D$nfcSllfi«^K» (x = 2, 4, 6) 
fcCr&mM£tlX\t*te^ttMm<D&1fr (x = 0) tChfc 

-<r*:#<, o. 8TM$t'±#i, 

*S^D£ftfc3llS#j£>KJ|Sf (x = 2. 4, 6) HCr(7) 

^p*fcj:a!»«i3®?a«tc:^t>e>"rc r tmmztix 

^t£\<*lt&m<DWft (x = 0) tCJt^Tffi^J&S, ft*^ 

[0 0 3 4] 0 8 11, Fe$3Co7Nd4CreB2o45 

^LfciS*S*t-o^Tf^^mJ^(^ I -H/^— 
fct,OT-fe5 0 (§19 11, itK^fc^(CFe63Co7Nd 

*QB2Qt*&&&<on&t*ft&m&\*x&htiizm&i®* 
&m^^xftm\^tzm&m^\<^xm&mffi'&<D i -h/u 

\Z % lt®im<DF e63C o7N.dioB20ite6<aj«a>*S)BfrW 
»S\ Jfe^3l$tLXV^Jilr^ftftttffi(?5**(D'b(75 (a s 
-Q) fi»8H4£^U ttft{bJ»MS*wJ:?)SHKttS:^ 

WLtCr &W*1)U&tltcMfoM<DF e63 C o7N d4 C r 




(7) WW^Pl 1-71646 

72 

[0 0 3 5] (AJR^7^^A»**5j:U!«BJe#OKjg 
«2) Feh Cot, Ndh CrXlUr^jsE 

20 X»l§]«£^Sg*aESfcfl:a'J5£ (DSC) ICJ:^ 

»«fl, (TEM) KJ:t>«*U 

(VSM) tcTl 5kOe, SJfitciol^T 

[0 0 3 6] 8: Id, RigLfcF e63Co7Ndio-xCrxB 

20 (x = 2, 4, 6^%) ^^m^m^i^m^^n 

SWALfcflL ^y7/u)PS:fflK5 8 5t (8 5 8 
K) -7 5 0t (1023 K) , ««ffl#|Bj 3 0 0 fPXf& 

m^^K-^i-o JfcKOfciblCF e63 C o?N d 

30 ioB20*Siati)c^*ttfls:W)|S|-S:lt^»AL7t*, * 7 
^^1^6 6 0^ (9 3 3 K) -7 5 0t (10 2 
3K) , ft^lB3 0 0#T'lft«!.lLfc»^O18»W4 

[0 0 3 7] 
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